The composition of the free amino acid pool in embryonic cotton (Gossypium hirsutum) cotyledons is quite distinct from that of endosperm, and that of germinated, greened cotyledons is quite distinct from that of leaves. During germination (induding the precocious germination of immature seeds), the pool expands considerably showing a pronounced accumulation of asparagine. The high level of asparagine found in seedling roots and in the cotyledon vascular exudate indicates that this is the major transported amino acid in germination. There is no pool expansion in the presence of abscisic acid. In the presence of actinomycin D, the pool expands, but an enormous accumulation of glutamine takes place. The composition of the pool at any stage is not related to the composition of the isoacceptor transfer RNA pool, nor to the composition of the storage protein. Anaerobiosis leads to an accumulation of aspartate, alanine, and glycine at the expense of asparagine; however, desiccation does not result in an accumulation of proline. Conspicuously high levels of arginine are maintained through embryogenesis and germination. The levels of individual amino acids are presented as nanomol per cotyledon pair and as per cent of total pool.
The composition of the free amino acid pool has been determined for cotton cotyledons at different stages of embryogenesis and germination. It has also been determined for cotyledons germinated under different experimental regimes. For comparative purposes, the composition of the pool has also been determined for endosperm, root, and mature leaf tissue.
Several curious observations accrued from these measurements that may be of interest to investigators concerned with amino acid synthesis and interconversion and with protein synthesis during embryogenesis and germination.
MATERIALS
The strain of cotton (Gossypium hirsutum) used Germination. For 3-day germinated cotyledons, dry seeds were decoated and germinated in Petri dishes between layers of wet filter paper. Generally, 9 -cm Petri dishes containing 20 seeds and four layers of filter paper wetted with 10 ml of water were used. Germination was carried out at 25 C in darkness. For germination in actinomycin D, the filter paper was wetted with a solution containing the inhibitor at 20 ,ug/ml.
To test the effect of anaerobiosis on the pool, additional water was added to the germinating seeds after 60 hr of germination to partially submerge them. Twelve hr later, the cotyledons were harvested. Conversely, to test the effect of water stress, seeds germinated 60 hr were transferred to dishes containing dry filter paper and germinated an additional 12 hr.
For 5-day germinated cotyledons, seeds were germinated in vermiculite either in darkness for the entire period or, after 3 days in darkness, exposed to alternating light-dark periods of 14 and 10 hr, respectively, for the final 2 days.
The precocious germination of immature embryos was carried out in Petri dishes as described above. Embryos were removed from the ovules and adhering endosperm washed off by vigorous shaking in water for 0.5 hr. This treatment accelerates precocious germination considerably (4) . For Figure 1 shows the size of the total amino acid pool per cotyledon pair at stages during embryogenesis, precocious germination ± ABA, in dry seeds, and during normal germination + actinomycin D. The composition of the pool is presented in Table I in terms of nmol of each amino acid/cotyledon pair and as the % each amino acid contributes to the total pool in Table   IL I. (6) and (7) indicate the contribution of glutamine to the total pool; those for (8) and (9) indicate the contribution of asparagine.
The total pool decreases as cotyledons develop from the rapid growth/cell division phase (50 mg embryo) into the maturation phase (100 mg embryo). Tables I and II Two features of the pool composition stand out in embryogenesis: (a) the very high concentration of arginine, which, as subsequent data will show, is a characteristic of germinating cotyledons; and (b) the fact that the pool composition bears no relationship to that of the endosperm (Table III) .
When 100-mg embryos are precociously germinated for 5 days, the cotyledon total pool increases about 5-fold (Fig. 1) .
The relative distribution of its substituents remains roughly the same as in the 100-mg embryos, arginine remaining very high, but the asparagine concentration is seen to increase markedly. In contrast, when these dissected embryos are incubated in ABA for 5 days, the pool remains virtually unchanged. Figure 1 shows that when mature seeds are germinated 3 days, the cotyledon pool has increased to roughly the same extent as it has after 5 days of precocious germination. Try  <1  9  <1  2  15  41  30  40  40  101  82  Lys  34  20  146  27  39  178  156  217  167  271  156  His   57  40  330  25  24  373  244  227  335  917  962  Arg  866  541  1761  580  724  1073  991  823  921  1673  2017  Asp  126  157  397  92  74  550  265  1207  542  249  335  Thr  51  32  137  25  26  171  121  170  189  331  391  Ser  90  64  323  62  44  447  554  444  471  746  816  Glu  337  303  847  404  55  1248  1307  493  994  990  739  Pro  13  14  118  24  38  272  242  235  320  144 (a) Excised embryos germinated 5 days in darkness ± ABA at 5 x 10-6M. (Table  II) is compared with that of young, mature leaves (Table III) , the uniqueness of the cotyledon pool is again apparent. In leaves, as in endosperm, the amino acids derived in one or two steps from intermediates in carbohydrate metabolism constitute the bulk of the pool. Cotyledons, on the other hand, have the uniquely high le'vel of arginine at all stages of embryogenesis and germination, and develop an enormous reservoir of asparagine (and to a lesser extent, histidine) during precocious and normal germination.
The accumulation of nitrogen and carbon in the form of asparagine during germination suggests that this amino acid may be the principal transport form of nitrogen to the growing axis during germination. With this in mind, the pool composition of germinating roots and of the putative vascular exudate was measured (Table III) . Clearly, asparagine is the principal amino acid found in both of these sources.
Table I also shows that glutathione levels increase somewhat in germination. DISCUSSION It is apparent that a great deal of nitrogen metabolism and amino acid interconversion takes place in developing cotyledons when the amino acid pool of the endosperm, the source of nitrogenous components, is compared with that of 50-or 100-mg embryo cotyledons. Eighty-three per cent of the endosperm pool is comprised of the six amino acids readily synthesized from intermediates of carbohydrate metabolism (Asp, Glu, Asn, Gln, Ala, Ser). These same amino acids account for 51 % of the pool from 50-mg embryo cotyledons. About 20% of the endosperm with the high level maintained through development in cotton cotyledons. When precocious germination is carried out in the presence of ABA, the pool expansion fails to occur. Since the expansion of the pool can be considered to reflect the hydrolysis of the storage protein, the inhibition of pool expansion by ABA can be viewed as an additional facet of the prevention of vivipary by ABA in vivo (3) . Data to date suggest that ABA inhibits the expansion of the amino acid pool by preventing the synthesis of the necessary hydrolytic enzymes (4, 5). The vast difference in the pool size for specific amino acids between ABA-treated and nontreated cotyledons seen here accentuates the necessity for measuring these pools when the rates of protein synthesis are measured in vivo by isotope incorporation + growth regulators.
In the germination of mature seed cotyledons, the composition of the expanding amino acid pool shows no correspondence to the isoacceptor tRNA pool (Table IV) , nor to the amino acid composition of the storage protein feeding the pool (Goldstein, Bean, and Dure, unpublished data) indicating that carbon and nitrogen from the storage protein undergo considerable interconversion during germination. It should be kept in mind that essentially no cell division occurs in cotton cotyledon germination (either precocious or normal). Thus, the increase in the pool is an increase per cell.
Precociously germinating cotyledons do not have a pool composition after 5 days identical to that of 3-or 5-day germinated mature cotyledons, indicating that some components increase more rapidly than others when the switch from embryogenesis to germinative growth occurs.
The large movement of nitrogen into asparagine during germination suggests that it is the prime source of nitrogen for the growing axis. The fact that this amino acid constitutes about onehalf of the amino acid pool of germinating roots and two-thirds of the pool of the putative vascular flow reinforces this idea.
This postulated role of asparagine is in partial agreement with the observation of others. The role of the amides as nitrogen transport forms has been long recognized (6); asparagine is the principal amino acid transported out of the root nodules of legumes (11) , and, as pointed out previously, appears to drive nitrogen metabolism in developing pea seeds (1). However, glutamine has been reported to be the principal amino acid transported out of mature leaves (8) .
Germination in the presence of actinomycin D provides a very curious finding, namely, the enormous accumulation of glutamine and a lagging accumulation of asparagine. The rest of the pool components (less glutamine) increase in actinomycintreated cotyledons to about 80% that of untreated cotyledons, indicating that storage protein hydrolysis is not susceptible to actinomycin inhibition. This reinforces the proposal that proteolytic enzyme synthesis in germination does not require concomitant mRNA synthesis (4, 5) which is inhibited 70% by the level of actinomycin used (15) . The The uniqueness of the high arginine level maintained by cotyledons throughout embryogenesis and germination is again emphasized when the composition of the pool from young mature leaves is compared with that of greened cotyledons. As with endosperm, the bulk of the pool in leaves is comprised of metabolically active amino acids. Sixty-four per cent of the pool is in aspartate and glutamate. Should the high levels of arginine in immature embryos serve to provide a source of ammonium ion (via arginase and urease) more readily available than storage protein, one would expect a decrease in arginine during early germination, but rather a further increase is found.
There are some changes in amino acid levels during cotyledon development that are not as apparent as others, since they involve components present in smaller amounts than the dominant components. For example, histidine increases 40-fold, whereas glycine initially decreases, then rises only 2-fold in the first 5 days of germination in the dark.
Hopefully some of these data, largely meaningless at present, will be useful to investigators studying the regulation of amino acid and nitrogen metabolism in seed embryogenesis and germination.
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